Introduction
Essential oils are a folk medicine and recently their use has expanded worldwide to include therapy against various kinds of inflammatory diseases, such as allergy, rheumatism, arthritis and bronchitis. These activities have mainly been recognized through clinical experience, but have been little elucidated experimentally.
Recently several investigators suggested that tea tree 1,2 and lavender oils 3 suppressed allergic symptoms through the suppression of histamine release 4 Á 6 and cytokine production. 7 However, the antiinflammatory activity of various types of essential oils and the cellular mechanisms underlying these actions remain to be clarified. The effects of essential oils on neutrophil function in particular have not been investigated, although the neutrophils are well recognized to play a major regulatory role in inflammation.
We were interested in assessing the modulatory activity on the inflammatory reaction of the neutrophils by the oils. In a preceding paper, 8 we reported that the essential oils lemongrass, geranium and spearmint suppressed the adherence response of neutrophils in vitro . On the other hand, lavender and tea tree oils, which are traditionally used for inflammatory symptoms, did not show strong activity. In the present study, we investigated the in vivo effects of the essential oils that showed suppressive activity against neutrophil adherence in vitro , on casein-induced neutrophil recruitment into the peritoneal cavity of mice.
Materials and methods

Essential oils
The essential oils used are presented in Table 1 with their sources and main constituents. 
Animals
All animal experiments were performed according to the guidelines for the care and use of animals approved by Teikyo University. Six-week-old female ICR mice (Charles River Japan, Inc., Yokohama, Kanagawa, Japan) were used for all animal experiments. The photoperiods were adjusted to 12 h of light and 12 h of darkness daily, and the environmental temperature was constantly maintained at 218C. The mice were kept in cages housing five or six animals and were given ad libitum access to food and water.
Neutrophil recruitment assay
Three milliliters of 8% casein sodium solution was injected intraperitoneally to mice. Both 2 and 4 h later, 0.2 ml of the essential oil solution was injected. A dose of 2.5% solution corresponds to 5 ml of pure oil. Control mice received 0.2 ml of 2.5% DMSO solution. Mice were sacrificed by carbon dioxide 6 h after casein injection.
Three milliliters of PBS was injected intraperitoneally to the killed mice, and 2 ml of solution was taken from the peritoneal cavity to collect leukocytes. After centrifugation at 350 )/g at 48C for 5 min, the precipitate was suspended in 2 ml of saline. The cell number of leukocytes was measured by Celltac (Nihon Kohden Corporation, Tokyo, Japan). The cell number of neutrophils recovered from the peritoneal cavity was measured by cytocentrifigation and DiffQuik staining as described previously. 9 Briefly, 20 ml of leukocyte suspension was added to 180 ml of PBS containing 10% heat-inactivated fetal calf serum, then poured into a plastic tube with a slide glass and cytocentrifuged at 75 )/g for 5 min, and the slide glass was then stained by Diff-Quik. The percentage ratio and the cell number of neutrophils were calculated by counting the neutrophil number of more than 50 leukocytes/sample. The relative numbers of leukocytes and neutrophils recruited into the peritoneal cavity were expressed by the ratio to those in 2.5% DMSO solution without oils.
Statistical analysis
The data were compared using the non-parametric Mann Á/Whitney U-test.
Results
Effects of essential oils on casein-induced leukocyte recruitment into the peritoneal cavity of mice About 4)/10 6 calls of leukocytes were recovered by washing from the peritoneal cavity of normal mice and (2Â/3) )/10 7 cells from the cavity of mice injected intraperitoneally with 3 ml of casein solution. As shown in Fig. 1, 5 ml of lemongrass, spearmint and geranium oil significantly lowered the infiltration of leukocytes to 51.8%, 62.5% and 70.2% compared with control (100%), respectively, while the administration of 5 ml of tea tree oil had no influence on the leukocyte infiltration (102.4%).
Effects of geranium oil on leukocyte recruitment into the peritoneal cavity of mice Although lemongrass oil was most active, it is known to irritate mucosal tissues on contact, 10 so we further examined the activity of various doses of geranium oil. The mice receiving 20 ml of geranium oil exhibited an unusual behavior (sedated condition with loss of normal movement) after the first injection, so a second injection was not made. The results are shown in Fig. 2 . All doses of geranium oil in the range between 5 and 20 ml/mouse suppressed leukocyte recruitment in a dose-dependent manner, with 10 ml of this oil showing the strongest activity (13.8%). The effect of geranium oil on the ratio of neutrophils in leukocytes recruited by casein injection into the peritoneal cavity was determined using Diff-Quik staining as shown in Fig. 3A . Neutrophils were the major part of casein-induced leukocytes of control and geranium-treated mice: 85Á/90% of the suspension taken from the peritoneal cavity was found to be neutrophils. In this experiment, 5 ml of geranium oil lowered the number of leukocytes in the peritoneal cavity; neutrophil infiltration was also significantly lowered by geranium oil (Fig. 3B) .
Discussion
In the present study, we showed that intraperitoneal injection of geranium, spearmint and lemongrass oils suppressed leukocyte accumulation induced by casein injection in mice, and geranium oil at the dose of 5 ml/mouse especially suppressed the neutrophil recruitment into the peritoneal cavity. The inhibition of leukocyte recruitment by this oil was dose dependent, but tea tree oil did not inhibit leukocyte accumulation. As far as we know, this is the first report indicating that essential oils inhibit neutrophil accumulation in vivo .
In the peritoneal cavity of normal mice, very few neutrophils are usually observed, but 6 h after casein injection, about (2Â/3) )/10 7 cells/mouse of neutrophils were recovered. This means that casein injection causes severe peritonitis with neutrophil accumulation perhaps through production of chemotactic peptides.
11 Therefore, our results suggest that geranium, lemongrass and spearmint oils may alleviate the inflammatory leukocyte response in the peritoneal cavity. This speculation is supported by the finding that the essential oils with suppressive activity for leukocyte accumulation (i.e., lemongrass, geranium and spearmint oils) have been reported to inhibit tumor necrosis factor-alpha-induced neutrophil adherence at very low concentrations (0.00625%) in vitro , but tea tree oil without the suppressive activity already described is known to have only limited influence on neutrophil adherence response in vitro . 8 Brand et al . reported that tea tree oil inhibited histamine-induced edema 4 but did not change leukocyte infiltration in a murine contact dermatitis model. 1 On the other hand, Kawabata et al . postulate that application of geranium oils to chronic vaginal candidiasis in combination with tea tree and ravansara oils provides a better therapeutic benefit. 12 This possible therapeutic activity may reflect the antiinflammatory action of geranium oil through suppression of neutrophil infiltration. In this connection, we must check the possibility that suppression of neutrophil infiltration in vivo by an essential oil may result in a lowering of host defense against Candida infection.
In aromatherapy, several essential oils can be used as therapeutic treatments for inflammatory symptoms with lesional neutrophil accumulation, such as aphthous stomatitis, lesional bacterial or fungal infections. The results described suggest that geranium, lemongrass and spearmint oils may suppress these inflammatory symptoms. We have developed murine models of oral 13 and vulvovaginal candidiasis (manuscript in preparation) showing inflammatory symptoms. Using these models, we wish to investigate the therapeutic benefit of these essential oils and the roles of anti-inflammatory activity in their therapeutic actions.
